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(54) MASK FOR ELECTRON BEAM EXPOSURE AND METHOD OF DESIGNING PATTERN THEREOF 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a mask for electron beam exposure which is not deformed easily and by which 
exposure can be executed with high dimension accuracy even in a cleaning process after forming mask holes, and to 
provide a method of designing a pattern of the same. 

SOLUTION: A mask pattern is divided into lattice-like regions so as to form a checkered pattern, and each region is formed 
into two complementary masks. At this time, the lattice size of the checkered pattern is determined based on the material 
used for the mask, the thickness and pattem size of the mask so that displacement due to stresses applied to each position 
of the mask is lower than a predetermined value. Subsequently, it is judged that a doughnut pattem is found in each region 
divided into the lattice-like regions forming the checkered pattern. As a result of the judgement, when no doughnut pattem 
is found in every lattice-like regions, at this time, the mask pattern is determined to set for two complementary masks. 
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CLAIMS 



[Claim(s)l 

[Claim 1] The mask for electron beam lithography characterized by opening existing only in one grid-like field among the 
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grid^Ike fields which adjoin mutually [ when it divides to the grid-like field of two or more fixed dimensions ]. 
[Claim 2] The grid-like field where said opening exists is a mask for electron beam lithography according to claim 1 
characterized by constituting the checker. 

[Claim 3] The 1st opening which exists in the grid-like field which does not adjoin mutually when it divides to the grid-like 
field of two or more fixed dimensions, The 2nd opening which exists only in one field among the fields which adjoin 
mutually when the grid-like field where this 1st opening does not exist is divided to plurality with the 2nd dimension smaller 
than said fixed dimension, The mask for electron beam lithography characterized by opening not existing in said grid-like 
field to which it **** and said 1st and 2nd openings do not exist. 

[Claim 4] Said fixed dimension is a mask for electron beam lithography given in claim 1 characterized by relating and 
deciding that it will be the mask pattern exposed by the Young's modulus and the thickness list of an ingredient thru/or any 
1 term of 3. 

[Claim 5] The mask for electron beam lithography which is a mask used for exposure of Rhine - and a - tooth-space-like 
pattern, and is characterized by having opening of the configuration determined that the variation rate produced with the 
stress which relates with the width of face, die length, and thickness of the Rhine part, and acts on each location will 
become under a predetermined value. 

[Claim 6] The pattern-design approach of the mask for electron beam lithography characterized by having the process 
which determines the configuration of said opening that the variation rate produced with the stress which acts on each 
location in said complementary mask in the pattern-design approach of the mask for electron beam lithography of having 
the process which assigns a mask pattem to two or more complementary masks after forming opening will become under a 
predetermined value. 

[Claim 7] The process which determines the configuration of said opening is the design approach of the mask for electron 
beam lithography according to claim 6 characterized by having the process which divides said mask pattern to two or more 
grid-like fields of a fixed dimension, and the process which assigns the grid-like fields which adjoin mutually to a different 
complementary mask. 

[Claim 8] Said complementary mask is the design approach of the mask for electron beam lithography according to claim 7 
which is two or more pieces and is characterized by the assigned grid-like field constituting a checker also in which 
complementary mask. 

[Claim 9] The process which divides said mask pattern is the design approach of the mask for electron beam lithography 
according to claim 7 or 8 characterized by having the process which relates with said mask pattern and determines the 
dimension of said grid-like field as the Young's modulus and the thickness list of an ingredient of said complementary mask. 
[Claim 10] The process which said mask patterns are Rhine - and a - tooth-space-like pattern, and determines the 
configuration of said opening is the design approach of the mask for electron beam lithography according to claim 6 
characterized by being the process performed by relating with the width of face, die length, and thickness of the Rhine part. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the mask for electron beam lithography which aimed at prevention of 
deformation of a stencil mask especially, and its pattern-design approach about the mask for electron beam lithography 
used for the imprint of the detailed pattern in the production process of a semiconductor device etc.. and its pattern-design 
approach. 
[0002] 

[Description of the Prior Art] In the production process of semiconductor integrated circuit equipment, ultra-fine processing 
technology which draws an integrated-circuit pattern using the focusing beam of charged-particle lines, such as electron 
beam (EB:electron beam) drawing and an ion beam, is put in practical use. For example, in the electron beam machine, an 
electron beam is irradiated at the wafer which applied the electrification meridian resist, an integrated-circuit pattern is 
directly exposed by the electrification meridian resist, and in order to obtain the drawing pattem by the electron beam, EB 
mask is used. There is a partial one-shot exposure method which carries out contraction projection of the mask pattern, 
and draws unit fields, such as a memory cell, by package in the electron-beam-lithography technique which used such an 
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electron beam. Moreover, there is a stencil mask which has a hole for an electron ray to pass, for example as a mask used 
' for the one-shot exposure which bundles up a circuit pattern and irradiates on a wafer, and imprints a circuit pattern. 
[0003] However, in a stencil mask, in the field in which all perimeters are surrounded with the mask hole, since the part 
supporting this field does not exist, the stencil mask which has such a pattern is unproducible. Generally such a trouble is 
called the doughnut problem. 

[0004] Then, to the mask pattern which has a doughnut problem, the stencil mask is conventionally produced by using two 
masks. The top view showing the mask pattern which drawing 10 (a) is designed and has a doughnut problem, the top view 
showing an example of a complementary mask to the mask pattern which shows (b) to (a), and (c) are the top views 
showing other examples of a complementary mask. 

[0005] For example, when the mask pattern 20 which consists of opening 20for Rhine patterns b prepared doughnut 
pattern 20a as shown in drawing 10 (a), and into it is designed, as shown in drawing 10 (b) The 2nd complementary mask 
22 with which mask hole 23c of the remaining one half of doughnut pattern 20a was formed in the 1st complementary mask 
21 list in which mask hole 23of mask hole 23a [ of the one half of doughnut pattern 20a ] and opening 20b for Rhine 
pattems b was formed is used. Moreover, as shown in drawing 10 (c), the 2nd complementary mask 22 with which mask 
hole 23e equivalent to the three remaining sides of doughnut pattern 20a was formed in the 1st complementary mask 21 
list in which mask hole 23b of 23d of mask holes equivalent to one side of doughnut pattern 20a and opening 20b for the 
Rhine patterns was formed may be used. 

[0006] Thus, it can leave the Rhine pattem which the inside field of doughnut pattern 21a was supported, and was 

designed in the field by using two complementary masks 21 and 22. 

[0007] 

[Problem(s) to be Solved by the Invention] However, the trouble that deformation of curvature etc. will arise is in the stencil 
mask with which what can avoid a doughnut problem and can produce a stencil mask was produced by using the above 
complementary masks 21 and 22. In the 2nd complementary mask 22 which is got blocked, for example, is shown in 
drawing 10 (b), although the field which extends in the shape of a tongue by using as the supporting point the point on the 
segment which connects the edge of mask hole 23c is supported, when the reinforcement in the border area is low, 
deformation of curvature etc., and when deformation is still larger, breakage may be produced to the field which extends in 
the shape of a tongue. Such deformation will become remarkable with the 2nd complementary mask shown in drawing 10 
(c). Moreover, in the 1st complementary mask 21 shown in drawing 10 (b). it may be generated similarly. Such a trouble 
may be called a tongue problem. Moreover, the edges of a mask pattern approach, and when the part which supports the 
part prolonged in the shape of [ the ] a tongue is very small, above-mentioned deformation is produced notably. Such a 
trouble may be called a leaf problem. 

[0008] Moreover, it also sets to Rhine - like the bit line of memory, and a word line, and - tooth-space (last shipment) 
pattern, and the trouble of deformation of a stencil mask is **. The top view in which drawing 1 1 (a) shows the stencil mask 
immediately after mask hole formation, and (b) are the top views showing the stencil mask which passed through the 
washing process after mask hole formation. 

[0009] As shown in drawing 11 (b), with the stencil mask 24 for last shipment patterns, in the washing process performed 
after forming the mask hole 25, the Rhine parts which adjoin each other with the surface tension of pure water etc. contact, 
and there is a trouble of stopping separating according to intermolecular force. 

[0010] If not only a last shipment pattern but deformation occurs at all, the trouble of contact of such Rhine parts is [ fixed ] 
large and it will take into consideration that exist also in various patterns and a complicated mask pattern will increase from 
now on. it is very difficult to produce the stencil mask in the present condition. 

[001 1] This invention is made in view of this trouble, cannot deform easily due to the washing process after mask hole 
formation etc.. and aims at offering the mask for electron beam lithography which can perform exposure with high 
dimensional accuracy, and its pattern-design approach. 
[0012] 

[Means for Solving the Problem] The 1st mask for electron beam lithography concerning this invention is characterized by 
opening existing only in one grid-like field among the grid-like fields which adjoin mutually, when it divides to the grid-like 
field of two or more fixed dimensions. At this time, the grid-like field where said opening exists can constitute a checker. 
[0013] The 1st opening which exists in the grid-like field which does not adjoin mutually when the 2nd mask for electron 
beam lithography concerning this invention is divided to the grid-like field of two or more fixed dimensions. The 2nd opening 
which exists only in one field among the fields which adjoin mutually when the grid-like field where this 1st opening does 
not exist is divided to plurality with the 2nd dimension smaller than said fixed dimension, It **** and is characterized by 
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operling not existing in said grid-lil<e field to wliich said 1st and 2nd openings do not exist. 

[0014] As opposed to the pattern of a complementary mask having been determined in this invention, only in order to avoid 
a doughnut problem conventionally Since opening does not exist in the grid-like field to which opening exists only in one 
grid-like field among the grid-like fields which adjoin mutually, or the 1st and 2nd openings do not exist The part to which 
deformation becomes large locally does not exist, for example, it is hard to produce deformation of a mask also in the 
washing process by pure water. Consequently, while the yield of the mask for electron beam lithography will become high, 
that dimensional accuracy improves. 

[0015] In addition, said fixed dimension can be associated and determined as the mask pattern exposed by the Young's 
modulus and the thickness list of an ingredient. 

[0016] The 3rd mask for electron beam lithography concerning this invention is a mask used for exposure of Rhine - and a - 
tooth-space-like pattern, and is characterized by having opening of the configuration determined that the variation rate 
produced with the stress which relates with the width of face, die length, and thickness of the Rhine part, and acts on each 
location will become under a predetermined value. 

[0017] In Rhine - and a - tooth-space-like pattem, while the yield of the mask for electron beam lithography will become 
high by determining that the variation rate which produces the configuration of opening with the stress which acts on each 
location will become under a predetermined value, the dimensional accuracy improves. 

[0018] In the pattern-design approach of the mask for electron beam lithography of having the process which assigns a 
mask pattern to two or more complementary masks, after the pattern-design approach of the mask for electron beam 
lithography concerning this invention forms opening, it is characterized by having the process which determines the 
configuration of said opening that the variation rate produced with the stress which acts on each location in said 
complementary mask will become under a predetermined value. 

[0019] In this invention, the process which determines the configuration of said opening can have the process which divides 
said mask pattern to two or more grid-like fields of a fixed dimension, and the process which assigns the grid-like fields 
which adjoin mutually to a different complementary mask, in this case, said complementary mask is two or more pieces, 
and the assigned grid-like field can constitute a checker also in which complementary mask. 
[0020] Moreover, it has the process which relates with said mask pattern and determines the dimension of said grid-like 
field as the Young's modulus and the thickness list of an ingredient of said complementary mask, and the process which 
divides said mask pattern can carry out the thing of it. 

[0021] Furthermore, said mask patterns are Rhine - and a - tooth-space-like pattern, and the process which determines the 
configuration of said opening can be made into the process performed by relating with the width of face, die length, and 
thickness of the Rhine part. 
[0022] 

[Embodiment of the Invention] Hereafter, the pattern-design approach of the mask for electron beam lithography 
conceming the example of this invention Is concretely explained with reference to an attached drawing. The 1st example is 
the pattern-design approach for the mask pattern shown in drawing 10 (a). Drawing 1 is a flow chart which shows the 
pattern-design approach concerning the 1st example of this invention. 

[0023] In the 1st example, the mask pattern shown in drawing 10 (a) be first divided to a checkered grid-like field, and a 
checkered grid dimension which the variation rate by the stress which act on each location in a mask when a mask be 
formed in two complementary masks become under a predetermined value about each field be determined based on the 
ingredient, the thickness, and the pattem dimension of the mask to be used (step SI). It is not necessary to take into 
consideration especially about whether a doughnut pattern is in a checkered grid-like field at this time. 
[0024] For example, in the part used as both-ends supporting beams, such as a last shipment pattern, the maximum 
displacement delta 1 obtained by the following formula 1 is set that the maximum displacement delta 2 obtained by the 
following formula 2 becomes under one half of the width of face of opening by the part used as cantilevers, such as the 
Tampa turn, under one half of the width of face of opening. 
0025] 

Equation 1] 

0- 



[0026] 
[Equation 2] 
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[0027] In addition, for the magnitude of a uniformly distributed load, and a, in a formula 1 and a formula 2, the die length of 
a beam and E are [ P / the second moment of area of a beam and W of the Young's modulus of a mask ingredient and I ] 
the weight per unit length of a beam. Moreover, second-moment-of-area I is expressed with the following formula 3 when 
thickness of b and a beam is set to t for the width of face of a beam. 
0028] 

Equation 3 ] 

0" 



[0029] In addition, the setting criteria of the predetermined value of the variation rate in the invention in this application are 
not limited to these formulas, and can establish the setting criteria based on various empirical formulas etc. For example, 
the surface tension of the pure water used for washing can be taken into consideration. 

[0030] Next, a mask pattern is divided with the grid dimension determined at the above-mentioned process (step S2). 
[0031] Subsequently, it judges whether the doughnut pattern exists in the interior about each field divided in the shape of 
[ checkered ] a grid (step S3). 

[0032] If the doughnut pattern exists in [ no ] a grid-like field as a result of this judgment, the pattern in the grid-like field 
which does not adjoin mutually in the grid-like field divided into the checker at that time is gathered up. and what was able 
to be gathered up is determined as a mask pattern of two complementary masks, respectively (step S4). 
[0033] On the other hand, if there is a grid-like field where a doughnut pattern exists as a result of a judgment, these 
processes will be repeated, making it the value of the one half of the grid dimension before that, for example until it 
performs the process to the judgment of doughnut pattem existence from the decision of an above-mentioned grid 
dimension and a doughnut pattern stops existing by judgment about the field making a checkered grid dimension smaller 
than the value before that (step S1 thru/or S3). 

[0034] And when judgment that a doughnut pattern does not exist in the grid-like field of the lower limit is obtained, the 
mask pattern set as two complementary masks is determined (step S4). namely, about the grid-like field it was 
presupposed that a doughnut pattern did not exist by the result of the first judgment About the grid-like field it was 
presupposed that the pattern in the grid-like field which does not adjoin mutually in the grid-like field then divided into the 
checker was gathered up, and a doughnut pattern existed What gathered up the pattern in the partition which a sequential 
partition is carried out and does not adjoin mutually, and was finally able to be gathered up is determined as a mask pattern 
of two complementary masks, respectively. 

[0035] Drawing 2 (a) and (b) are the top views showing the 1st and 2nd complementary masks obtained according to the 
1st example, respectively. In the 1st example, since the grid dimension is determined that the variation rate by the stress 
which acts on each location in a mask will become under a predetermined value, as shown in drawing 2 (a) and (b), also in 
any of the 1st and 2nd complementary masks 1 and 2, neither a tongue problem nor a leaf problem exists. Moreover, since 
the existence was judged after that and it has re-divided even if the doughnut problem more than a grid dimension is solved 
at the time and the doughnut pattern exists in a metaphor grid-like field, since it has divided to the checkered grid-like field, 
all doughnut problems are solved. 

[0036] moreover -- the case where the consistency of the mask hole 3 serves as homogeneity mostly between the 1st and 
the 2nd complementary mask 1, and 2, and electron beam lithography is performed using the 1st and 2nd complementary 
masks 1 and 2 as shown in drawing 2 (a) and (b) - a beam - since who is almost the same, it becomes almost the same 
[ coulomb dotage ] and close dimensional accuracy is obtained by the exposed pattern. 

[0037] Although an above-mentioned approach is the approach of dividing a pattern and assigning two complementary 
masks, when a pattern consistency is high, in consideration of the coulomb effectiveness, it may divide a mask pattern into 
three or more pieces, and may assign it to three or more complementary masks. 

[0038] In addition, in many mask patterns, although, as for the consistency, i.e., the pattern consistency, of a mask hole 
between complementary masks, homogeneity, for example, a bias, becomes less than 10% mostly by dividing to a 
checkered grid-like field like the 1st example For example, when using three complementary masks, a bias may occur in a 
pattern consistency only by dividing to a checkered field only in consideration of distribution of the variation rate by a mask 
ingredient etc. In such a case, in order to make magnitude of coulomb dotage equal, in case a grid dimension is 
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determined, it is desirable to consider that the bias of a pattern consistency becomes less than 1 0%. 
^ [0039] Moreover, although it is judging by dividing to a checl<ered grid-like field again in the 1st example when the 
doughnut pattern exists in a grid-like field Even if it divides the doughnut pattern in this grid-like field in one half, when the 
variation rate by the stress which acts on a mask becomes under a predetermined value and a tongue problem does not 
arise, a doughnut pattern may only be divided to by one half as usual. 

[0040] Next, the 2nd example of this invention is explained. Drawing 3 is a flow chart which shows the pattern-design 
approach concerning the 2nd example of this invention. 

[0041] In the 2nd example, a mask pattern is first divided to the checker of a suitable grid dimension based on an 
experiment or experience, without taking an ingredient, thickness, etc. of a mask into consideration (step S1 1). Although 
this grid dimension is 10 thru/or about 40 micrometers, it is not limited to this. 

[0042] Next, it judges whether about each grid-like field, the pattern arranged in the field is extracted, and the variation rate 
by the stress which acts on each location becomes under a predetermined value, and the doughnut pattern exists (step 
S12). 

[0043] If the location beyond a predetermined value does not exist [ a variation rate ] and a doughnut pattern exists [ in / 
the result of this judgment / no / a field ], the pattern in the grid-like field which does not adjoin mutually in the grid-like field 
divided into the checker at that time is gathered up, and what was able to be gathered up is determined as a mask pattern 
of two complementary masks, respectively (step S13). 

[0044] On the other hand, when the location beyond a predetermined value exists [ a variation rate ], or when a doughnut 
pattern exists as a result of a judgment, these processes are repeated until it performs the partition of the suitable above 
magnitude, and the process of a judgment, for example, and the stress of each location becomes under a predetermined 
value by judgment and a doughnut pattern is lost about such a grid-like field (steps S1 1 and SI 2). The magnitude of a grid 
dimension here is 1/2 of the grid dimension of a preceding paragraph story that what is necessary is just smaller than it in a 
preceding paragraph story. 

[0045] And when judgment that the variation rate of each location in the grid-like field of the lower limit is under a 
predetermined value, and a doughnut pattern does not exist is obtained, the mask pattern set as two complementary 
masks is determined (step SI 3). 

[0046] Thus, also in the obtained complementary mask, the doughnut problem, the tongue problem, and the leaf problem 
as well as the 1st example are solved. Such an approach is effective when the pattern which it is going to produce is not 
clarified. Moreover, in the 2nd example, if a grid dimension is determined more smallish in this case, in a subsequent 
judgment, a variation rate will become under a predetermined value, and it will be supposed more often that a doughnut 
pattern does not exist. Since an ingredient, thickness, etc. of a mask are not taken into consideration on the other hand in 
case a grid dimension is determined, depending on a mask pattern, a routing counter can be remarkably reduced by 
determining a grid dimension as about 5-20 micrometers more smallish. 

[0047] In addition, although a pattern consistency will be homogeneity and the difference will be less than 10% mostly 
automatically in many mask patterns also according to the 2nd example, depending on a mask pattern, a bias may occur in 
a pattern consistency. In such a case, in order to make coulomb dotage uniform, in case a grid dimension is determined, it 
is desirable to consider that the bias of a pattern consistency becomes less than 10%. 
[0048] Moreover, although it is judging by dividing to a checkered grid-like field again when the location beyond a 
predetermined value has a variation rate in a grid-like field or the doughnut pattern exists in the 2nd example Even if it 
divides the doughnut pattern in this grid-like field in one half, when the variation rate by the stress which acts on a mask 
becomes under a predetermined value and a tongue problem does not arise like the 1st example, a doughnut pattern may 
only be divided to by one half as usual. 

[0049] In addition, in the 1st and 2nd examples, a complicated mask pattern may exist and various criteria types are 
needed to the variation rate of each location. For this reason, if it hits performing these approaches, the data which table- 
ized the formula 1 to various patterns or a criteria type like a formula 2 beforehand are stored in the store, and it is 
desirable to enable it to read this data suitably. 

[0050] moreover the stencil mask made from silicon whose thickness the 1st and 2nd examples can also be applied to a 
last shipment (Rhine - and - tooth space) pattern, for example, is 2 micrometers a last shipment pattern with a width of 
face of 0.48 micrometers -- a grid dimension - 40 micrometers or less and a last shipment pattern with a width of face of 
0.40 micrometers ~ a grid dimension ~ 20 micrometers or less and a last shipment pattern with a width of face of 0.32 
microns - a grid dimension -- 10 micrometers or less - then, it is good. 

[0051] Next, the 3rd example of this invention is explained. The 3rd example is the pattern-design approach for the last 



6 



shipfhent pattern shown in drawing 1 1 (a). Drawing 4 (a) and (b) are the top views showing the 1st and 2nd complementary 
'masks obtained according to the 3rd example, respectively. 

[0052] In the 3rd example, the location and configuration of a mask hole are determined that the variation rate by the stress 
which acts on each location of a complementary mask will become under a predetermined value to a last shipment pattern. 
That is, as are shown in a formula 1 and the width of face of the part used as a both-ends supporting beam is wide in a 
complementary mask, and as the die length of the part is shorter, the maximum serious grade becomes smaller. Then, as 
shown in drawing 4 (a) and (b), the tooth-space part in the last shipment pattern shown in drawing 1 1 (a) is distributed to 
the 1st and 2nd complementary masks 4 and 5 by turns, and, specifically, the mask hole 6 is formed. 
[0053] Thus, with the 1st and 2nd complementary masks 4 and 5 produced by the 3rd example, since the tooth-space part 
of a last shipment pattern is distributed by turns, the width of face of the part of the beam in each complementation masks 4 
and 5 becomes larger than it in a mask pattern, and the maximum serious grade becomes small. For this reason, it is 
prevented that the Rhine sections contact at a subsequent washing process. Moreover, since a pattern consistency is 
homogeneity between the 1st and the 2nd complementary mask 4, and 5, coulomb dotage is equal. 
[0054] In addition, by the last shipment pattern, though natural, it is not necessary to take into consideration a doughnut 
problem, a tongue problem, and a leaf problem. 

[0055] Next, the 4th example of this invention is explained. The 4th example is other pattern-design approaches for the last 
shipment pattern shown In drawing 1 1 (a). Drawing 5 (a) and (b) are the top views showing the 1st and 2nd complementary 
masks obtained according to the 4th example, respectively. 

[0056] Also in the 4th example, the location and configuration of a mask hole are determined that the variation rate by the 
stress which acts on each location of a complementary mask will become under a predetemiined value to a last shipment 
pattern. At this time, the location and configuration of a mask hole can be determined in consideration of the criteria type of 
a formula 1 like the 3rd example. As shown in drawing 5 (a) and (b), the tooth-space part in the last shipment pattern 
shown in drawing 1 1 (a) is divided up and down, an upper half is distributed to the 1st complementary mask 7, a lower half 
is distributed to the 2nd complementary mask 8, and, specifically, the mask hole 9 is formed. 

[0057] Thus, with the 1st and 2nd complementary masks 7 and 8 produced by the 4th example, since the tooth-space part 
of a last shipment pattern divides up and down and is distributed, the die length of the part of the beam in each 
complementation masks 7 and 8 serves as half [ in a mask pattern / of that ]. and the maximum serious grade becomes 
small. For this reason, it is prevented that the Rhine sections contact at a subsequent washing process. Moreover, since a 
pattern consistency is homogeneity between the 1st and the 2nd complementary mask 7, and 8, coulomb dotage is equal. 
[0058] In addition, since it is necessary to extract a risk place of contact of the Rhine parts taking place in consideration of 
an ingredient, a configuration, etc. of a mask to a mask pattern first, the 3rd and 4th examples take long duration as 
compared with the 2nd example. 

[0059] Moreover, in the 1st thru/or the 4th example, when the pattern of a complementary mask is determined based on the 
criteria type set up beforehand, one opening pattern may be distributed to two complementary masks, consequently a 
mask hole with very narrow width of face may be set up in a complementary mask. In such a case, since the processing 
becomes difficult, it is desirable for while to have been distributed and to form a mask hole in the complementary mask of 
another side. Hereafter, such an approach is called boundary processing. The top view showing the 1st when the top view 
in which drawing 6 shows some last shipment patterns, drawing 7 (a), and (b) distribute the last shipment pattern shown in 
drawing 6 , respectively based on a criteria type, and the 2nd complementary mask, drawing 8 (a), and (b) are the top 
views showing the 1st after boundary processing, and the 2nd complementary mask, respectively. 
[0060] Only the case only based on a criteria type, when distributing the last shipment pattern 1 0 shown in drawing 6 , as 
shown in drawing 7 (a) and (b), mask hole 13a with very narrow width of face may be assigned to the 1st complementary 
mask 1 1 , and mask hole 13b with width of face narrow a little may be assigned to the 2nd complementary mask 12. In such 
a case, since mask hole 13c with wide width of face consists of mask holes 13a and 13b if mask hole 13a is set as the 2nd 
complementary mask 12 as shown in drawing 8 (a) and (b), a mask hole with narrow width of face disappears from the bi- 
phase assistant masks 11 and 12, and the processing becomes easy. However, as for a pattern consistency, it is desirable 
between two complementary masks 1 1 and 12 to approximate, for example, for a bias to be less than 10%, also in this 
case. 

[0061] Moreover, in the 4th example etc., the technique called multiplex exposure is employable. Drawing 9 (a) and (b) are 
the top views showing the 1st when adopting multiplex exposure in the last shipment pattern shown in drawing 6 , 
respectively, and the 2nd complementary mask. 

[0062] When adopting multiplex exposure, as shown in drawing 9 (a) and (b), the tooth-space part in the last shipment 



7 



pattern shown in drawing 6 is divided up and down, and the end shape by the side of the boundary B of the mask hole 16 
*in the 1st and 2nd complementary masks 14 and 15 is made into a taper configuration. 
[0063] Even if some gap arises in connection of the pattern exposed by adopting such multiplex exposure, the 
effectiveness that fluctuation of line breadth becomes small is acquired. 

[0064] In addition, although the number of the complementary masks to one mask pattem may not be limited to two pieces 
and may be three or more pieces, since the count of exposure will increase if three or more complementary masks are 
used, considering as two pieces is desirable [ the number of the viewpoint of a throughput to complementary masks ]. 
[0065] 

[Effect of the Invention] Since the configuration of opening is determined that the variation rate after opening formation will 
become under a predetermined value according to this invention as explained in full detail above, deformation of 
deformation of a mask can be controlled also in the electron-beam-lithography process which the washing process by pure 
water, the wearing process to a holder, and a temperature rise produce, for example. For this reason, while raising the yield 
of the mask for electron beam lithography, that dimensional accuracy can be raised. 

[0066] Moreover, by assigning a grid-like field so that a checker may be constituted, a complicated algorithm becomes 
unnecessary and a design can be made very easy. Furthermore, since a pattern consistency will also become almost 
uniform between complementary masks, coulomb dotage can become uniform and can also raise the precision of an 
exposed pattern. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart which shows the pattern-design approach concerning the 1st example of this invention. 
[Drawing 2] (a) And (b) is the top view showing the 1st and 2nd complementary masks obtained according to the 1st 
example, respectively. 

[Drawing 31 It is the flow chart which shows the pattern-design approach concerning the 2nd example of this invention. 
[Drawing 4] (a) And (b) is the top view showing the 1st and 2nd complementary masks obtained according to the 3rd 
example, respectively. 

[Drawing 5] (a) And (b) is the top view showing the 1st and 2nd complementary masks obtained according to the 4th 
example, respectively. 

[Drawing 61 It is the top view showing some last shipment patterns. 

fDrawino 71 (a) And (b) is the top view showing the 1st when distributing the last shipment pattern shown in drawing 6 , 
respectively based on a criteria type, and the 2nd complementary mask. 

[Drawing 8] (a) And (b) is the top view showing the 1st after boundary processing, and the 2nd complementary mask, 
respectively. 

[Drawing 9] (a) And (b) is the top view showing the 1st when adopting multiplex exposure in the last shipment pattern 
shown in drawing 6 , respectively, and the 2nd complementary mask. 

[Drawing 101 The top view showing the mask pattem which (a) is designed and has a doughnut problem, and (b) are the 
top views showing the complementary mask to the mask pattern shown in (a), 

[Drawing 11] The top view in which (a) shows the stencil mask immediately after mask hole formation, the top view showing 
an example of a complementary mask to the mask pattern which shows (b) to (a), and (c) are the top views showing other 
examples of a complementary mask. 

[Drawing 121 It is the top view showing an example of a stencil mask. 
[Description of Notations] 

1 , 2, 4, 5, 7, 8, 11, 12, 14, 15; complementation mask 
3, 6, 9, 13a, 13b, 13c, 16; mask hole 
10; mask pattern 
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(57) [Si^] 

[gill] vx'>?LfKRg^g(D>^t>fxsl?^cJ:^Ttsm 

Lie < < . ^^-^*l®6^SU^S^t^^T•p d <t6^T* 
IC Eli LTS >!7 <^^JSE^ 2 <B<^»fflffi^ 7> ^ ic^ 7. 

iSLti^mmm^^ <h * « «t -5 s: r^fij««©«? « 

A^g^^^fJSrSo COfJ^ODtSSs ^«)«?tt®JsEF«3 
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^r^m2<Dmn^t. ^=su H4fBmist;s2<D 
Bflpgpjs^^a L^t^t^lB^s?«^H^c^*F^llPgI5*^'?^a l 

iaH-3?»lci3t^Tv BBPSIJ^JKfiKLfcSlttBuiBfflffi^X 
t J: ^ icMIBBBPSUtOfeWS^l^-rsxg^ 

[ii5RJS7] ttJiBglPSl5©m«^>?i^-r«xst±s 15 

sr^xet. st>»;:B!{ig-r«tt^ttfiJiEiii±*sa« 
r^mtia^e iciBK(Dm?«ss^ffl^x^(7)istt35^. 

r «xs^#t- s c t ^?ta<fr %ii3?ja 7 xt* s icib 

. 7.-^-7.*?; x'^J - >T-S y s B3fBF»IIPgP©fK«^j*:£ 



[000 1] 

jtxiSt;:3bnt«?ssiffflM-^-y©iE¥iiiciiffl*n5m^^ 

[0002] 

T> ffi^-tf-A (EB : electron beam) 

[0 0 0 3] L6^U XT^^-^/U^X'J'lCfct^Ttiv O 

[0 0 0 41 -f-cTs fit*, K-:^-wF.gs«^-r«^ 

(a) ti^lt*nK-:^'>F.a®«Wr«VX^7/\-^-> 
*5R-r¥t5E. (b) »* (a) Ic/T^-r^X-^^/N'^-vic 

wr«fflif^x^<D-^j^/T^-rTffiEi, (c) lifflffi^ 
[0 0 0 5] mt*. 01 0 (a) izmrj^^ni-'-i- 
ymmn&i 0 1 ttf<E>^^^X'i' /i^i-y 2 ot'^mt 

*n/c«^. laiO (b) lC/T^-r<»:3tJ:. K— ^'V/x'^f 
->2 0 aODi<£»OD-7X^^?L2 3 aStf5'f>/N°^'-> 

fflBiip^2 0 b<Dvx<7?L2 3 b n/=m 1 «D*a 

ffiVX-J' 2 1 Mmc K-:^'y/\°^->2 0 a©ysy<oi»i 
»<0-7X^^?L2 3 cft"«m^*nfc«2©««i-7X^ 2 2 
tf'Iseffl^tL^o */cx Ell 0 (c) tt5^-r<i:-5tc> K- 
:^'yy\°^->2 0 aOI jaiC*ia-r«^X'J'?L2 3 dS 
tf5'1'>/\'4'-VfflMPgP2 0 b<DTX^'?L2 3 b*i«m 
fi£;^n/i:m 1 <7)ffl»f ^X-i^ 2 1 Mmc K-:^'y/\*^-> 
2 0 a<0^y<0 3)at::4a^-r«^X^?L2 3 e««mfi!i* 
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n/j:S2£Dfflffi^X-> 2 23b'«ffiffl*tl«Ci:t.S5o 
(0 0 0 6] C<DJ:oiC. 2ffl(DffltS^7.'^2 1Rtf2 
2^^mr^z.tlcJ:*J. K— ^->/<5'->2 1 aOF«g 

[0 0 0 71 

<i: -5 ^«*f 7 X ^' 2 1 Stf 2 2 :&<$ffl-r « d <!: »c J: y V 

15iJ;^«Ell0 (b) ^^:,^^■rm2<Dffl^f^X^2 2(cj3t> 
T«v TX<'?L2 3 c (DimS^^f^^^mii±(Dik^^l^il 

t6'«iBSo C<DJ:5*SJK»*s Ell 0 (c) fC/T^-rm2 
CDfflfflVX'^TIiS^t.rotJS:^, $/cs mo (b) 

(c,TT-rmi tDffitf^x^ 2 1 ^c^Jt^Tt.(^l«l^c^l;5^: 

[0 0 0 8] ^tz. p<tU(^lf>y h«iSy^7-K^(DJ: 
e'S^'TV • T'VK • X-^-X (L/S) /N'^f-VtCiJ 
t>Tt. XT'>->/U'7X'j7a)SJBa)PtgiiiS6''So HI 1 

(a) «^X'??Lmfi8it«<^Xx>->;U^X^^«^-riF 
SS. (b) li^X<7?Lmj««lc3fe^XS«S^cX7^> 

[0 0 0 9] 01 1 (b) tc5^-rj:-5l!:. L/S/'?^- 
>'ffl<DX^>->;L'^X-5'2 4Tl*s ^X'??L2 5 ^ffJfiE 

[0 0 10] z.(D^r>rj^=y'<y^i^m±<r)^^t\,^r>m 

«»t3S:^x^'/\°^->*i«Jij!jn UT < «c i^^ifr* 
?lttTHi^-wx7">-»UTX^'^f^-r«c:<!:l*ffi 

[0 0 1 1] o^A^sBgsjSicffi^Tfttfnrc 

tOT-^oT, ^X^?LmfiE«a)>ltj^ieilltJ:-:5Tt. 
[0 0 12] 

[gi5Ii€:ft?}*-r*/ci6a)^S] 1 a^m^ 

Hi L/-C t * ^cst^^c|ii!|«■r «tt?t«(ifi!iii±BT'— 7^0) 



tt?««i^a)^tcp^pgi5Ai^??a-r s c <*: ^itet t r 5o 

[0 0 13] *5«0fllc^5^2(^®?«8^itfflTX'5' 
tSCB!H$LSl>«?*^^^F«3U:??ffi-rSffi 1 ©B8Pg|5 

y 'jva-t^m 2 ro^jSTsaottEii u/ct 
siMtKsr«^is?iii±p^7— :^cofi^«)a^ic?^a-r« 
si2<DfflpsiJt. «wu BugBmiat;«2(Diflpai5«« 
L*t^B^Ffi3^ST««^sE^^:^4BapaJ««#?^ l^i^c t 

[0 0 14] *fS0^lC*5C^T«. tit* F— ^->p«gii^i2i 
tS^*t«^£D*^lcMPg|53b^?^«Ef S6\ Xttm 1 

2 <oBllPgp««#ffi L*t^♦s^■«;1S^ss^c^*Bflpgl^!b^?^«E l 

fiij ^ «M7k (c cfc * >ifej^XStc T T X -57 (^^fK6^^ 
1:1:: <i\ iKDiiSS. B^i|gSitffl^X<70#a$yj!)'< 

[0 0 15] B5I3-^^J•»«*^l|e^©■V'V■^^atf 
[0 0 1 6] *580^lC^5m3©m?)i®S3tffl^X'? 

m^M*^ ^s j: 3 icite£Tjrnn:««(7)MPSi5s wr 

[0 0 17] 5-0 • T'V K • X'^^-Xtt/^^i-VlC^J 
t^T. P^PeP(D««^§ffiKlcf^ffl-rSJ5^lcJ:oT^ 

0 « stt*^m^^i*^ t * 5 cfc 3 ic>?{:£-r c t ic j: 

y. ®?iSSi^ffl^X<7O#S«y*i'«E0^*><^<!:^?)<!: 

[0 0 18] :$immz%^m^mm9im-^x<7(D/^^- 
>BLn:^'mt. ^x-?/ ->^^iBf<H©4affivx<7ic 
g>j y s T wr «ig?iissr)tffl^ X <7 <oi - > 
l9!i+^>^^<:^3t^Tv PjSpgp^m^L/c^ictaiBfflM^x 

fi*«<t:**J:-5tct3t3BaPg|5<^JB4««>*S-r«lS« 
[0 0 19] *^BI^^:^3U^T> B5IBB3PgP<Dm*e«-i?lS 

^i^±^s^«*i*s^x^icS"jysT^xifi,i:s «:^-r 
«y> t^-rn<Dffl*i^X'j^ic*5i,>Tts tyy^-reti/;: 
[0 0 2 0] s/c. s3i3^x^/\°4'->«Eiii-r*xie 
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[0 0 2 2] 

i^mo^mn&omm^ hit. ^n^tonfis^jic^sm^^ 
[0 0 2 3] m^cr>mmmx'^t. 9cr. m^ o (a) tc 

<7 F«goDSeBlc<'^ffl -r ^ JS:*: »c J; Sffi!tf«m^fii 
[0 0 2 4] L/S/\°^f->ll<Oil4S3t«F?g<!: 

i^sgp^T'ti. TiBiaa2tcj;y^#en5^-<Da:Acs 

[0 0 2 51 

[Sl^ll 

' " 48£:/ 384e/ 

[00 26] 
[lg(2] 

(P-hW^)fl* 



[0027] iKfC 1 2 tt*Jl>Tv P ti^ 

[0 0 2 8] 
[IK3] 




[0 0 2 9] ^BiflBfllcfclt^S^ttwm^fiiroiS 

[0 0 3 0] ;^CIC. •77.^/\'^'-V«±iE©XieT-3l^ 
[003 1] ?Xl^T% rp*a:^«(7)«S?ttlc:Eili**l/c& 

[0 0 3 2] crofiJ^cDiSSS. <t:CDtt?^«SiSEl^»Ct K 
[0 0 3 3] -5^. *<J^<7)ie«. 

±^o^^^m(D=^^f''b K-:^'y/\°•S'->?^^^^DfJS 

<3S:«STv rp«51i«©«^^^^■S6«*<7>M©fil«^:yt'J^ 
3) o 

[0 0 3 4] ^-LTs «'Jv>r2£ro*S^«fi«El*ll:: K-:>- 
y I N"-? - »!>«1?a L 35: i -5 ijflJ^JbMf 6 nf£B#i^T\ 

2 ic^^-r 5 / ->^}?}^r « 

a7^«y:rS4) , ip-5x S«!J©!|SJ^(7))^S-P K— 

•f- * « E<io 6 n/c«? «piaET'St Hcms 

A°^? -vfet^sr « <!: * n/c^s?««isE^c^l^T^*^ 
)ili3>;EiS*nsi,McKS L^t^Eiiitc^ 5/ N'^i - > S'S 

[0 0 3 5] 02 (a) (b) ti. ^f^'m^Oi^U 

«iijtc J: y ^f 1 stfS2<D4a^v7.-j^*5^-r¥a 

-r 5 J!&:'3 J: 5 ^tii*i^p/T^fii*jS <!: ^ 5 <fc ^ ic«^ ^J■^ 
!b'«-;?5S*nTL^?.<DTs 132 (a) 'SlTS (b) iCT^fJ: 

•5itx ^1 so-m2CD4gif^7.-? K 2©t^-rnicj5iN 

%tc. r&l4:!^«(D^S?^«^ls£l!:EiiiLTi^5(7)T% 

^^lc-5-©^^05*ij:£^^T-3TSEiiiLTl'>5OTv 

[0 0 3 6] Src. g|2 (a) Tktf (b) J=5^-r<fc3 
IC. ^X<7?L 3 (DffiiSl*^ 1 Rt/m 2 (OtS^i^X-? 1 . 
2 ST'lilJlSl— 1 35: -p Td3 y . mi Slf ^ 2 ©fflffi-?^ 
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<7T. 2^^£raLT«^^®S3t=£^T^/c^i^^c^i^ e- 

[0 0 3 7] ±ai07^5£li/\°^->'^$^SiJLT2firoffl 
ffi^ X tiJ y S T 5:?>£T-^ 5 )b\ / v'-S' - 

[0 0 3 8] ft*>\ ^<<D-7X-J'/\°^f->tCj5l^Tl*. 

->mmtmm—. mx{£m*Jti^-\ o%i.XF*3ic^« 

vmigrod y fe"* 1 0 tc*« J: 3 ic#isr % c t 
[0 0 3 9] «fcv ^ 1 <^)llfil5^J^c^l^T^i^ *s^^«« 

icf^ffl-r «fS:tll^<t «Sffi3!)'«m^fii*3S <!: o T 

tc K-:^*;//\°'S'->^¥»-r-:>lcEiiiLTt,cfci\ 
[0 0 4 0] ;j«:tc, 2|s:5g^fl)S2cDIISS<5IJlf:>l>TiftB^ 

rso 03«2^«^s©m2(^)sisfii5ijic««K^->iftft 

[0 04 1] m2(^)||«g<5IJlt*5t^Tli. Sfe-Ts ^X-^CD 

iii-rs (7.7^-yysi 1) o c:<D*g?T)-;i«. 0iJ^«"i 

0 7I»S4 O/jmgjST'^^ft^ iItXlCPS^*n-5t©T- 

10 0 4 2] =&♦S?t^«Ife^lCOt^T. ^CD^Mrt 

2) „ 

[0 0 4 3] Z.(DVl^Oi^^. <!:'<D^lSEtCj5l^T*»3Etil 

^i-V^S-ltmtts S-a:*»6tl./ct®«*'!7 2<@fl)4i 

1 3) „ 

[0 0 4 4] -15. W^OJiSSs Sffijb'<mSfiiJ.X±<75ffi 



s 1 1 mss 1 2) c j::c:T'ro*s?^\r-;sa5:A:$?«s 
[0 0 4 5] ^-LTs g/J^^|■»©«^?ttfil§^(^^c^J^t5 

*Bffi-7X^'tCS!S-r«TX^'/f^'->«-3i!ET« (Xx 

•VT^S 1 3) „ 

[0 0 4 6] C:<DJ:5^CLT^#6n/^:^i♦l^X■5'^Cfct'' 
Ttv MlcDllfi(H5<JilllfiHJ:. K-:^'yP^Ss ^fVBg® 

li^lc^3t(jT-*«o ^fc. ^2<Ollfil!)<5iJlcfcl>Ttt> Z. 

ItLTt^!5:^.^<D■e, 'h*i6(Cv m»#5~2 0fimejg 
lc*S? xJ-^^^i^-r 5 C i: It <fe y s V X ^ / - V ic J: 

[0 0 4 7] ftfc\ m2<Ollfi615yitJ:oTt» ^<©^ 

x^7/\°^->tcijt>T«. /\•^'->es*'^gl(IW^^:^^^^ 
1^— V m^'^t^SAM o%Jiti*iit^«Ai\ ^x^'/v^ 
- > ic J: o T t*/ - >ssit(g y )!)'«^S-r « Ji^t. » 

?.fca6v is^\r?6^-;*^-r^Kic/\°^'->ffiS[(D<iyfi« 

1 0%«l^lC35:?.<t3lC%lir*c:<!:ft^M«Lt\ 
[0 0 4 81 Sfc. S2«)SI«gWi:*>t^-n*v 

li L T t ^ X ^ tcf^ffl -r S FS^ d: ^til6^m;£fii*5» 
[0049] Ml 'BlXS'm 2 a)IIS(Sff'Jlc33l^T«> 

^ji^s^x-^/N'^j-vft^i^ffi-r^Ji^A^feyv SffiBO) 

^^Atb-fr-S d: -5 IC LTfc < C <!: Lt^o 
[0 0 5 0] */cs SlRO=S2©||Jfi15y»s L/S 

tT'^-x ^Jx^S'^ Il?6'i2 /L/m03v'y □VS^XT'Vi/yU 
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>raS^4 0 jumJ-XTs fgO. 4 0pmroL/S/\°^-> 
Tl*<S^\)-S£^2 0 jumJ-XTv iHO. 325'5'avroL 
/S/<^'->TH*J|8?\rS6S1 OjumJXTt-rntJJ: 

[00 5 1] ;^^:^c. *58B^(DS3<D^fififflJ^col^TI^^0^ 

r-5o m3(ommmii. mi i (a) iot^-tl/s/x^^ 
->jcS!r-r«/«^'->iaftt^s6T»%. ia4 (a) st^ 
(b) (i. ^^m3(Dmmm^zj:^Jm^mm^Rtf^s 

[0 0 5 21 m3<DSlfi6^5y^c^5^,^T^*. l/s/\*^i-v 

•^Sf^o JSiCl iC/T^xf «fc?tc. ffl«7;^'?ici5 

:*:Sffi6^'hi-<^«o a^^Wlcti. 1214 (a) 

SU= (b) in^rJ^^ic, 011 (a) ic^^fL/S/? 

^-vicfcttsx'^-xas^^^i sifS2<7)*affi^x 

■5' 4. 5lc3Si:ic5^BELT^X'??L6«-JfJfiK-r?)o 

[0 0 5 3] c:<75«t-5ic, m3<ommwiic<t:*Jim-sti 

rcmiat^«2<Dffi«i?X-?4. 5T'«v L/S/<4J- 
^X'?4. 5lCfont^l80gP»<^i|Stf'-7X^'/\°^->lC 

<!:3!)^E5±T*-nSo Sfcx A"^->®St*v ^1&l>m2 

[0 0 5 4] ^3b\ L/S/X'^f-VTH*. ^^^6^6, 

[0 0 5 51 ^tC. *5§W<OS4©Slfi(Sl5"JlC-Pt^TBi0^ 

r^o m4a)Si)5few*, mi 1 (a) itTTirL/sji^ 
-yicnt^m(DJ^^-ymfl5iiT'&^o 05 (a) 
St? (b) ^>!7Sl4roilJgWcJ:y?§6ft5miR 

[0 0 5 6] S4rollfi60'Jl::*}l^Tt>s L/S/N'^-V 

-35^-r5= crot^v m3<7)IISg0iJ<!:l^«lc. 

■r«c:i:*i<T*«o aflcWtcl*. 135 (a) Rtf (b) 
lc5^-rJ:-5lt. mil (a) It/T^f L/S/\°^f->ltJ3 

vx-?7lt5JiBU T¥»«m2<0*iffl|-7X^8lc»i3 

/cMl&l?S2<Offi*S^X^7 7. 8T't*x L/S/'C^i- 
>ODZ'<-XSP»!b'«±Ti::Eili LT^-BBS-nTt^^W 



«ffl-ri.c:<!:««i«s±*ti«. $fc. /i^->mmits m 

[0 0 5 8] ^*>\ S3S0m4(DIIBSfliimi, e«!Jt!: 

mrsjt^A^s^to-es m2(7)iijs«ijtibisi-r*i:. s 

[0 0 5 9] $/c> ^171jSm4(DllS615ljrt*. ^4618 

/\°^'-Va)-gP«:.T>t- ¥ffim. m7 (a) S0= (b) 
«s m 6 It/T^r L / S y N'^J - >^S*jCIcS:5X^T 
^*BBL/ci:*©m 1 Stfm2<0*i«|-7X^S/T^-rTB5 
Elv me (a) SI? (b) ^'4r/^'^V'5<''J5aS»<D 

m 1 st?S2<D4i*f^x^7^5^-r¥HmTa5«. 

[0 0 6 0] m6lC5^-rL/S/\'^»-V1 0«»iBT« 

Ji^s mzmm^\t.mrs<mi<Dm'^.. mi (a) at; 

(b) \Z7r.-t^r>\.c. ^ia)fflffi^X^1 Hc®46Ti|@ 
Am^TX-^JLl 3 a<)'<S'jy^T6>n. m2<7)fflliTX 
<7 1 2lce=FitS*i^lKt^-7X<7?Ll 3 bft'«tijyST6nS 
iliki^feSo c:0<J:3*«^. ms (a) St? (b) ic 
/T^-rJ:3lCs ^T.^'fLl 3 a«'m2(©*ili^X-J' 1 2 It 
fa^ftltfs ^X^'M 3aS0'1 3 b3!)^6i|@3b'«ja;t^^ 
X^'?L1 3 cAi^*gfilc*n5<DT\ M*a*STX^ 11,1 
2*^6it66m^^X'??LJb'<^<^y. ^(DllDX«<S^tt 
fiu ziajJi^ictx 2{@a)tiffi^X^1 K 1 

1 0%J.XrtT'^.SC:i:«<aSLt\ 

[006 1] ^Tc. %^(Dmmm\tti\.^T\,t. f^mm 

JttJ:tifnsft^l5SSffi-rsC<k*i«-P*«o 1219 (a) 
Rt; (b) lix ^>!?m6lC5^-rL/S/\°-5'->tCfct^T 

^mm%^w^mr^ t * i 2 coffls v x ^ « 
s^xfTsmT-^s. 

[0 0 6 21 ^B33%%)Sffl-r%)3$. 09 (a) ]&t? 

(b) It^x-Tcfcat::. m6\,Z7j<t\-/sn^-y\z^\.f 
^X'^-XgP»^±Tl!:EliL. m 1 &t>m2 0ffl«? 
X^14, 1 StCfcHtS^X-^JLl 6<0«l?lBffl!lOI«SSP 

(0 0 6 31 c:©<fca^$'fiSJ^«^J«fflrsc:<!:icj: 



(7) 



^miOO 1-274072 



[0 0 6 4] 1fliC)VX'?/\°^'->tCjt*r5ffl*S 
•7X^'<^)St«2<fflli:PfiS*n5t<7>T'J*^<> 3<SJ.X± 

[0 0 6 5] 

B8Pgpmf!£«<OSffl6^Rff <!: ^ 5 J: -5 ic pgUro 

[0 0 6 6] */c. r^*2««^*S^r5J:3lc*S?«fi 
SJ^S'jy ^TSC tic J: y . ffiSS^Z/Uzru XAAi«:i:g 

[BIS(9f9«%l»P^] 
«5^f 7n— f-T'feS, 

[021 (a) at; (b) ti, 3£^si0Siss«aicj:y 

So 

[0 31 *fg^wm2oiissw«:fis§/\°^->iaft^^ 

[04] (a) at; (b) «x 3^^S3<7)ll«fiWi:J:y 



^#6n*m 1 at;«2 ©fflffi •7x^7«5^-r¥SET'« 

[05] (a) at; (b) \t. ^>(7S4(0|gfi&«lJ(C<t:U 

#6*issii at;^2fl)ffiffiTx^«mr¥a0T» 

So 

[061 L/S/\°4f-V05— gP«-/T^-rT®0-pS«o 
[07] (a) at; (b) tt> 3t'«f06JC/Tx-rL/S/\° 

■Sf - >*S2»5C^c»^t^T^^iB L/ct * 1 at;M 2 

[08] (a) at; (b) ^^nr?z/^')^mk<o 
^ 1 atfm 2 ©ffitf «'/T^-rTffi0T »«o 

[091 (a) at; (b) liv 3^>!706lC5^-rL/S/\' 

^->tcai^T^aKJt^sgffl-rsi*<Dm i at;ig2 
[0101 (a) i*iaf+*nK-:^'yBasi^wr5vx 

'?/\°^i-V«/W¥®0^ (b) (* (a) \Z7j<r^-^<7 
[01 11 (a) J*TX^fLJKfi)6il»<^XxV->/UVX 

-S'^^^fTHSv (b) \t (a) tc^x-r^x-:;^/\°^'-> 
ic3«r*ffl*i^x^'o-^j^5T-rTffi0. (c) itmk 

^7.") <Df6<Off!l«5^-r¥ffi0T'»«. 
[01 21 X7^>'>/l/^X^'<D— fiKJ«5%-r¥ffi0T» 

So 

[l?#©itt^] 

K 2. 4s 5s 7s 8s lis 1 2s 1 4s 1 5 ; ffl 

3s 6s 9s 13 as 13bs 13Cs 1 6 ; ?7.^?L 

1 0 ; vx^^/<^-v 



[01] 



13] 



[06] 



I 



S 1 



S2 




No 



S4 




\ 




\ 






\ 


\ 






\ 






\ 






\ 







1 0 ; -^x^M^-v 



^ T 



(9) !|tBa200 1 -2 740 7 2 



m9] m^ 0] 




23b 21 

(c) 



